Mineral trioxide aggregate (MTA) has recently been used as a pulpotomy medicament for primary molars. The aim of this study was to evaluate and compare the proliferation and differentiation potential of dental pulp stromal cells of permanent teeth and deciduous teeth cultured on MTA-coated surface. Human dental pulp stromal cells were obtained from human permanent premolars and deciduous teeth and cultured on MTA-coated culture plates. The cells were subjected to proliferation assay and cell cycle analysis. Their differentiation potential was evaluated by analysing changes in the mRNA expressions of runt-related transcriptional factor 2 (Runx2) and alkaline phosphatase (ALP). Morphological changes of cells in direct contact with MTA were observed using scanning electron microscopy (SEM). The proliferation rates, distribution of cell cycles and mRNA expression patterns of Runx2 and ALP were similar in both types of pulpal cells. SEM observations revealed that both types changed into more dendrite-like cells. On the surface of MTA, human dental pulp stromal cells from deciduous and permanent teeth were able to both proliferate and differentiate into cells that induce mineralization.
genic properties in human 1, 2) and ferric sulphate is known to irritate the pulp tissue and provoke an inflammatory reaction in some cases [3] [4] [5] [6] .
Mineral trioxide aggregate (MTA) has recently been applied clinically with successful outcomes as an alternative pulp medicament for pulpotomy in primary molars 7, 8) . Since it was introduced by Torabinejad et al. in 1993 9) , MTA has been widely applied in various endodontic procedures, such as pulp capping, pulpotomy, apical barrier formation in immature permanent teeth with necrotic pulp, repair of root perforation, root-end filling and root canal filling. MTA is a biocompatible material, non-toxic to the host, and has been reported to induce dentin bridge formation and hard-tissue formation on exposed pulp tissue without pulpal necrosis in animal studies 6, 10) .
Previous in vitro research has demonstrated the biocompatibility of MTA using human dental pulp stromal cells from permanent teeth [11] [12] [13] . However, few in vitro studies have investigated the pulpal reaction to MTA in deciduous teeth 14) . The aim of this study was to compare the viability and differentiation potential of pulpal cells from permanent and deciduous teeth in direct contact with MTA.
Ⅱ. Materials and Methods
Preparation of MTA
White MTA (ProRoot MTA, Dentsply Tulsa Dental, Tulsa, OK, USA) was used in all experiments. The material was mixed according to the manufacturer' s instructions and then plated in culture plates (BD Falcon, Franklin Lakes, NJ, USA) or on round glass slides (8 mm in diameter), as shown in Fig. 1 . The MTA was left to set completely for 3~4 days at 37℃ in a humidified 5%-CO2 incubator. After complete setting, the MTAcoated plates and glass slides were sterilized under ethylene oxide gas.
Cell cultures
The experimental protocol was approved by the Institutional Review Board of the Dental Hospital, Yonsei University, and informed consent to participate was obtained from all of the subjects and their parents (#2-2010-0012). Human dental pulp tissue was obtained from healthy permanent premolars (n = 3; patients aged 13~18 years) that had been extracted for orthodontic purposes, and from deciduous teeth (n = 4; patients aged 2~7 years) from which mechanically exposed pulp tissue was extirpated during routine treatment for caries ( Invitrogen), 100 U/ml penicillin and 100 ug/ml streptomycin (Invitrogen) at 37℃ in 5% CO2. The isolated cells from 3 samples of premolars were blended at the first passage, and the third to fifth passages were used in the subsequent experiments. The same procedure was performed for the pulp stromal cells obtained from four samples of deciduous teeth.
Proliferation assay
The proliferation rate of human dental pulp cells from permanent teeth and deciduous teeth in direct contact with MTA was measured using Cell Counting Kit-8 (Dojindo, Kumamoto, Japan), according to the manufacturer' s instructions. Human dental pulp cells were seed- 
Scanning electron microscopy (SEM) analysis
Human dental pulp cells from permanent and deciduous teeth were seeded at a concentration of 1×10 paraformaldehyde, 2% glutaraldehyde and 0.5% CaCl2, followed by post-fixation using 1% OsO4 (all these chemicals were purchased from Sigma). After dehydration and drying, the samples were coated with a 100-nm layer of platinum and then visualized using a Hitachi S-3000N scanning electron microscope (Hitachi, Tokyo, Japan) at an accelerating voltage of 20.0 kV and a magnification of ×1500.
Statistical analysis
All of the experiments were repeated under at least three independent conditions. All data are presented as mean and standard deviation values. Any significant differences between human dental pulp stromal cells from permanent teeth and deciduous teeth were determined using Student' s t-test with SPSS software (version 17.0, SPSS, Chicago, IL, USA). The level of statistical significance was set at p < 0.05.
Ⅲ. Results
Proliferation assay and cell cycle analysis
In the proliferation assay, there was no significant difference between pulpal cells from permanent teeth and deciduous teeth when cultured on either an uncoated culture plate or on the MTA surface. However, the proliferation rate was significantly higher on the culture plate compared to the MTA-coated surface for both cell types (Fig. 2) . The cell cycle analysis revealed similar percentages of cells in the G1 phase in all samples (63~64%; Fig. 3 ).
Quantitative RT-PCR
The expression of Runx2 increased at day 2, and then gradually decreased thereafter, while that of ALP continued to gradually increase over the 7-day experimental period. However, these expression levels did not show significant difference between pulpal cells from permanent teeth and deciduous teeth cultured on an MTAcoated surface (Fig. 4) . Gene expression levels at 1 day after seeding were normalized to 1.
SEM analysis
Human pulpal cells from permanent teeth and deciduous teeth were able to attach to the MTA coating, presenting a more dendrite-like morphology with several branches, rather than a spindle shape (Fig. 5) .
Ⅳ. Discussion
In previous studies, investigators have reported that dental pulp cells obtained through primary culture of dental-pulp tissue from permanent and shedding deciduous teeth present different features 15, 16) . The pulp stromal cells from permanent teeth are known to be capable of differentiating into odontoblasts and form a dentin-pulplike complex following in vivo transplantation 17) . In contrast, those from exfoliated deciduous teeth fail to reconstitute a dentin-pulp-like complex in vivo, but do induce recipient cell-mediated bone formation in vivo 15) . In addition, the pulp cells from deciduous teeth exhibit a higher proliferation rate and increased cell-population doubling 15, 18) . Such differences found in previous studies suggest that the pulpal reactions to MTA may differ between permanent and deciduous teeth.
In this study, unlike previous studies, the proliferation rates measured were similar in pulpal cells from permanent teeth and deciduous teeth, regardless of the presence of an MTA surface coating. While previous studies used dental pulp from exfoliated deciduous teeth, we used dental pulp extirpated from deciduous teeth with a sound root. Given that deciduous teeth go through various developmental stages from eruption through to shedding, the stage at which pulp tissue is obtained may be an important determinant of the pulpal characteristics, because pulp components and gene expression patterns may differ according to the stage.
The biocompatibility of MTA has been confirmed through many cell-culture studies, and it is known to be one of the least cytotoxic dental materials 19, 20) . In the present study, the proliferation rate of both cell types was reduced on MTA-coated culture plate, but the proportions of cells in the G1 phase were similar, regardless of the presence of the MTA coating. This indicates that the pulpal cells from permanent and deciduous teeth ex- . We have shown herein that the expression levels of Runx2 and ALP of pulpal cells were up-regulated when they were cultured on an MTA-coated surface. Runx2 is a transcriptional activator of osteogenesis-associated genes and is essential for osteoblast differentiation and bone formation 28) . Runx2 also regulates the proliferation and differentiation of odontoblasts and increases the expression of dentin sialophosphoprotein (DSPP) which is the main non-collagenous component of the odontoblastic extracellular matrix-in immature odontoblasts 29, 30) . ALP is another important regulator during the mineralization of bone and reparative dentin 31) . ALP expression gradually increases during development of collagen matrix, which precedes calcium accumulation 32) . In this study, short expression of Runx2 with its peak at Day 4 coincides with its character as the early marker initiating osteogenic or odontogenic differentiation. Gradual increase of ALP expression through 8-day period indicates development of collagen matrix. The SEM images showed that the deciduous and permanent pulp cells grown on an MTA block had dendritic process that resembled mature odontoblastic process. These findings indicate that human pulpal stromal cells from permanent and deciduous teeth may differentiate to induce hard-tissue formation when in direct contact with MTA. However, odontogenic differentiation was not confirmed in this study because we did not investigate either extracellular matrix mineralization or the expression patterns of other mineralization-related genes, such as DSPP, osteocalcin, and osteopontin, which are expressed later in the mineralization process.
In conclusion, the results of the described experiments indicate that MTA is a biocompatible material for human pulpal stromal cells in both permanent and deciduous teeth. However, neither the differentiation pattern nor the mechanism of hard-tissue formation was clarified.
Further studies are required to distinguish any difference in the mechanism of hard-tissue formation and composition of the final mineral product between permanent and deciduous teeth.
Ⅴ. Conclusions
The present study investigated and compared the pulpal reactions of permanent and deciduous teeth when the pulp is in direct contact with set MTA in vitro. The proliferation of these cells was evaluated by (1) 
